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Abstract Cadmium, lead, mercury and chromium con-
centrations in ﬁsh muscle tissue taken from various Sicilian
areas were detected. Fish caught in Siracusa, nearby a
petrochemical industrial area, were more contaminated by
cadmium, lead and chromium (respectively 0.366, 0.32,
0.72 lg/g) than those from the other sites. In the Sicily
Channel, we found the highest bioaccumulation of mercury
(0.31 lg/g). Although some metals concentrations exceed
the limits set by the European regulation, the estimated
weekly intake was below the Provisional Tolerable Weekly
Intake established by the European Food and Safety
Authority, and the Target Hazard Quotient values indicate
that there is no carcinogenic risk for humans.
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Sicily is the Mediterranean Sea largest island. Thanks to its
location and its heterogeneous habitat, it is characterized
by a rich marine biodiversity. Fish are widely consumed,
ﬁrstly because they are part of the local diet, but also
because of their high protein, low saturated fat and omega
fatty acids content, that are known to contribute to good
health (Kennedy et al. 2009).
In Sicily the main pollution sources are certainly
attributable to the three biggest industrial sites: Augusta, in
the central east coast (Ionian Sea), Gela in the south coast
(Sicilian channel) and Milazzo in the north east coast
(Tyrrhenian Sea). These areas are known for producing
pollutants from reﬁning oil, wastewater and toxic dust from
heavy metals (Madeddu and Sciacca 2008).
Though the Palermo area (north west of Sicily) has a
variety of industrial and commercial activities (such as oil
and electric power production systems, and engineering,
shipbuilding, manufacturing companies), its primary
source of contaminants derives from urban and harbour
activities. Moreover, agricultural and domestic efﬂuents
contribute to make it one of the most contaminated areas
along the Mediterranean coasts.
Fish absorb heavy metals from the surrounding envi-
ronment (Ginsberg and Toal 2009) depending on a variety
of factors such as the characteristics of the species under
consideration, the exposure period, the concentration of the
element, as well as abiotic factors such as temperature,
salinity, pH and seasonal changes. Hence, harmful sub-
stances like heavy metals, released by anthropogenic
activities will be accumulated in marine organisms through
the food chain; as a result, human health can be at risk
because of consumption of ﬁsh contaminated by toxic
chemicals.
For this reason, ﬁsh muscle is commonly analysed to
determine contaminants concentrations.
TheaimofthisstudywastoverifytheconcentrationsofCd,
Pb, Hgand Crinmusclesofcommercialﬁsh speciesEngraulis
encrasicolus (European anchovy) Sardina pilchardus
(European pilchard) and Mullus barbatus (Red Mullet).
The species analyzed are very important from an eco-
nomic point of view for the Sicilian region but also
throughout Italy, accounting for 18% of the total seafood
production, in particular 8.86% for E. encrasicolus, 5.67%
for S.pilchardus and 3.46% for M. barbatus (ISTAT 2000).
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widespread, but in recent years the risk factors’ calculation
for the population become of great importance, because
although sometimes the contaminants exceed the legal
limits set by European regulations for food, not always
represent a risk for human health. For that reason, we
estimated the weekly intake comparing it with the Provi-
sional Tolerable Weekly Intake (PTWI) recommended by
the European Food Safety Authority (2004, 2009, 2010)
and the Target Hazard Quotient (THQs) provided in the
US-EPA Region III risk-based concentration table
(US-EPA 2000b), in order to evaluate possible alert
regarding human health hazards.
Materials and Methods
In April 2007, 30 ﬁsh samples per site were taken from
ﬁshing boats in four areas with different anthropogenic and
natural impact (Fig. 1); they were stored frozen till
analysis.
The sampled species were adults of E. encrasicolus (Ee)
in Siracusa (SR), Mazzara del Vallo (MA), San Vito lo
Capo (SA) and Catania (CT); S. pilchardus (Sp) in Catania
(CT) and Pantelleria (PA); and M. barbatus (Mb) only in
Pantelleria (PA). Pantelleria was chosen as control area, as
it is a small island in the middle of the Sicily Channel, not
directly subject to sources of anthropogenic pollution.
Samples were brought to the laboratory where we inves-
tigated the presence of Cd, Hg, Cr and Pb.
For the lab tests 1 g of muscle tissue per ﬁsh was
mineralized in a microwave system Ethos TC (Milestone
S.r.l.—ITALY) after tissue digestion using a heated
mixture of strong acids. A digestion solution was prepared
with 6 mL of nitric acid (HNO3) 65% (Carlo Erba) and
2 mL of peroxide hydrogen (H2O2) 30% (Carlo Erba) with
a 50 min operation cycle at 200C. After mineralization,
ultra pure water (Merck) was added to the samples up to
20 mL; they were then divided into two aliquots: one for
Hg measurement and one for the other metals. The sample
for Hg analysis was oxidized with 5% potassium perman-
ganate (KMnO4), then neutralized with hydroxylamine
hydrochloride (NH2OH HCl) 1.5%; this strong oxidation
allows the conversion of organic Hg into inorganic Hg. The
test was performed with a FIAS 100 (Perkin-Elmer, USA)
using the cold vapor capture technique. For the quantiﬁ-
cation of Cd, Cr, and Pb an atomic absorption spectro-
photometer AAnalist-800 (Perkin-Elmer, USA) was used.
Analytical blanks were run in the same way as the samples
and concentrations were determined using standard solu-
tions prepared in the same acid matrix. Standards for the
instrument calibration were prepared on the basis of mono-
element certiﬁed reference solution ICP Standard (Merck).
Standard reference material Lake Superior ﬁsh 1946
NIST was also used to validate analysis (Table 1). Cr
reference value was not speciﬁed in the analysis certiﬁcate
of the Standard reference material used, so we assumed a
recovery similar to that of the other elements.
The risk for human health as a result of eating these
species was evaluated by calculating daily Hg, Cd, Cr and
Pb exposure Em (US-EPA 2000a)
Em ¼ Cm   IRd ðÞ =BW
Cm represents the metal concentration in seafood (lg/g), IR
the daily ingestion rate (g/d) of seafood and BW the body
weight (kg). Dietary exposure was expressed as lg/kg.
The average seafood consumption suggested by the
National Statistical Institute for Italy (ISTAT 2000)i s6 0g
per day, but Sicilian population is a high-level seafood
consumer, as its diet is highly dependent on seafood items.
For this reason we consider 10 g more than the value
suggested by ISTAT, as did Di Leo et al. (2010) for
Taranto population of south Italy. Therefore, if we make
allowance of 70 g as the total seafood intake per day, on
the basis of species production data provided by ISTAT
(2000), we can assume a day intake, respectively, of 6 g for
E. encrasicolus (42 g of IRw), 4 g for S. pilchardus (28 g
of IRw) and 2.5 g for M. barbatus (17.5 g of IRw).
Fig. 1 Map of Sicily. Black dots indicate the sample areas
Table 1 Reference concentration values of standard reference
material 1946 NIST (lg/g, w.w.)
Pb Cd Hg
Certiﬁed 0.70 2.08 9 10
-3 0.433
Found 0.65 2.01 9 10
-3 0.398
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123We calculated the Estimated Weekly Intake (EWI) as
follows:
EWI = Cm   IRw ðÞ =BW
where IRw is the weekly ingestion rate (g/w).
Target Hazard Quotient (THQ) values were also calcu-
lated according to the report of (US-EPA 2000b), indicat-
ing the ratio between exposure and the reference dose. The
THQ calculations were made using the standard assump-
tion for an integrate US-EPA risk analysis, considering an
adult average body weight of 60 kg (Di Leo et al. 2010).
Additionally, based on the US-EPA guidance (1989), we
assume that the ingestion dose is equal to the adsorbed
contaminant dose and that cooking has no effect on the
contaminants (Chien et al. 2002).
THQ ¼½ ð EFr   EDtot   IFR   CÞ=ðRfDo   BWa   ATnÞ 
  10 3
EFr is the exposure frequency (350 days/year); EDtot is the
exposure duration (80 years for the Italian population
according to ISTAT (Demo Istat.it 2011); IFR is the food
ingestion rate (g/day) (as for Em); C is the concentration
(lg/g); RfDo is the oral reference dose (lg/g/day); BWa is
the adult body weight (60 kg); ATn is the average time for
non carcinogens (it is equal to EFr 9 EDtot).
The European Protection Agency has declined to set a
RfDo for Pb because it has found no evidence of a
threshold below which a non harmful intake could be
‘‘allowed’’ (US-EPA 2004); as a consequence, THQ for Pb
was calculated with the following equation (Liu et al.
2009):
THQ ¼ C=MRL
where C is the metal concentration in food (lg/g) and MRL
(Maximum Regulation Limit) is the limit set by the
European Community (2006). The EC Regulation has set
for Hg, Cd, and Pb a limit concentration in muscle tissue of
fresh ﬁsh, above which this is considered unsuitable for
human consumption. There is no EC information about
maximum Cr levels.
Furthermore, while US EPA set RfDo for Cr(III) and for
Cr(VI) (see Table 2), our investigation looked at total Cr;
considering that Cr(VI) is more toxic, we referred our
results to its RfDo, assuming that the Cr we found is all
Cr(VI).
Because some of the variables were not normally dis-
tributed, statistical analyses were carried out with non-
parametric Wilcoxon Rank Sum test, applying p = 0.001
as the highest level of signiﬁcance.
Results and Discussion
Our results show (see Table 3) that traces of Hg were
found in all samples, Cd and Cr were found in all samples
except those from CT, Pb was found only in samples from
SR and CT.
The amount of Pb found in E. encrasicolus exceeded the
limit set by the EC Regulation (0.20 ppm) in 62.5% of the
ﬁsh analyzed in SR and in 12.5% of the ﬁsh analyzed in
CT. Pb mean in E. encrasicolus was, therefore, higher than
the EC Regulation limit only in SR. Some Pb traces were
found in the S. pilchardus sample group from CT. Overall,
in 60% of the analyzed ﬁsh, Cd exceeded the limit set by
the EC Regulation. All ﬁsh from SR, Ma and Sa had higher
concentrations, as it had 50% of the S. pilchardus and 75%
of the M. barbatus from PA, whereas both species from CT
were not contaminated. The S. pilchardus from PA, as
expected in a control area, is less contaminated than the
E. encrasicolus from SR, MA and SA (all p = 0.005).
Inversely, Cd in S. pilchardus from PA was signiﬁcantly
higher than that found in ﬁsh muscle of S. pilchardus and
E. encrasicolus from CT (p = 0.005 and p = 0.008,
respectively).
Samples from SR and SA had Cr mean level higher than
those from the other sites. E. encrasicolus from SR and
from SA had higher levels than S. pilchardus from PA
(p = 0.005 and p = 0.008, respectively). Though the
E. encrasicolus from MA was more contaminated then the
S. pilchardus from Pa, the difference was not statistically
signiﬁcant (p = 0.38); inversely, the latter was more con-
taminated than both species from CT (p = 0.05 for
E. encrasicolus and p = 0.39 for S. pilchardus).
Overall, only 4% of the samples had Hg concentrations
higher than the limit set by the EC Regulation, therefore
the resulting Hg pattern is different than the other metals.
Surprisingly, in the S. pilchardus sampled from the control
area of Pa we found a value signiﬁcantly higher than those
found in the sample groups from SR (p = 0.005), in the
S. pilchardus from CT (p = 0.005), in the E. encrasicolus
from CT (p = 0.005), from Sa (p = 0.02) and from Ma
(p = 0.02), and in the M. barbatus from Pa (p = 0.005).
Hg bioaccumulation was more relevant in S. pilchardus
than in E. encrasicolus from CT (p = 0.02).
Results show an obvious contamination in the samples
taken in Siracusa, which is located 20 km south from the
Table 2 RfDo (US EPA) and MRL (EC regulation) (lg/g, w.w.)
RfDo MRL
Cr 1.5 [Cr(III)]; 3.0[Cr(VI)] /
Cd 1.0 9 10
-3 0.05
Hg 0.01 0.5
Pb / 0.02
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123large industrial complex of Augusta-Priolo-Melilli, where
there is a well documented bioavailability of contaminants
such as heavy metals, PCBs and PAHs, correlated with
congenital malformations and abortions (Madeddu and
Sciacca 2008). The Siracusa sea receives lot of water laden
with pollutants from that industrial site, due to the surface
downward current of the Ionian sea.
In three (Siracusa, Mazzara Del Vallo and San Vito Lo
Capo) of all sites we studied, we found a marked Cd con-
tamination, due to industrial activities in the south east area,
and to intense agricultural activities in the western area.
In the samples from Pantelleria, chosen as control area,
bioaccumulation is not as low as expected, especially if we
compare it to the sampling area of Catania, which, despite
having a greater human impact, has been found generally
to be less contaminated than Pantelleria. In particular, in
the control area, we found high Hg concentrations. Though
in a seemingly uncontaminated area this may appear unu-
sual, it seems that the presence of that element is due to
volcanoes, fumaroles and submarine tectonic activity in the
Mediterranean basin, especially in the area of the Sicily
Channel and Southern Tyrrhenian Sea (Di Leonardo et al.
2006). In a study on heavy metals bioaccumulation in the
M. barbatus sampled in Capo Passero (an area in the Sicily
Channel with low anthropogenic impact), authors found a
Hg concentration (Mean: 0.31 mg/kg w.w.) exceeding that
of most man-made sites (Storelli and Marcotrigiano 2005).
Furthermore, in a study conducted in the eastern Aegean
sea (Kucuksezgin et al. 2001), authors found in the
M. barbatus levels of Hg ranging from 0.016 to 0.2 with a
mean of 0.090 mg/kg (w.w.). The results from our
Pantelleria samples range from 0.056 to 0.086 with a mean
of 0.083 mg/kg (w.w.) in M. barbatus, and from 0.090 to
0.324 with a mean of 0.306 mg/kg (w.w.) in S.pilchardus.
Results obtained from the Catania area are satisfactory,
as they are not signiﬁcantly different than those from the
control area of Pantelleria, except for Pb. Our data are in
accordance with a previous study on bioaccumulation of
heavy metals in Parablennius sanguinolentus sampled
along the Catania coastline (Tigano et al. 2009).
Cd and Pb concentrations we observed in E. encrasic-
olus are lower than those reported in other studies carried
out in the Eastern Mediterranean area (Yildirim et al.
2009), found Cd and Pb mean concentrations in muscle
tissue of the same specie of 1.88 and 2.15 (lg/g w.w.),
instead Cr mean concentration was below the detection
limit; the same trend results were found in muscle of
S. pilchardus from the north east Mediterranean sea (Canli
and Atli 2003), with a Cd, Cr and Pb mean concentration of
0.55, 2.22 and 5.57 (lg/g d.w.). Instead, a study carried out
in the Adriatic Sea on E. encrasicolus (Sepe et al. 2003)
reported Cd, Cr, and Pb values equal, respectively, to
0.020, 0.083 and 0.046 (lg/g w.w.), less than the
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123concentrations we observed in the same species in the
group from SR for the three metals, in CT for Pb, in the
sample group from Sa and Ma for Cd and Cr.
The European Food Safety Autority (EFSA) has estab-
lished regulatory guidelines regarding dietary mercury,
cadmium and lead intake. It recommends a PTWI of
1.6 lg/kg b.w., 7 lg/kg b.w. and 25 lg/kg b.w. for Hg, Cd
and Pb, respectively.The PTWI value of Cr is 637 lg/kg,
that it equal to the minimum requirement of a person per kg
of body weight (De et al. 2010).
As shown in Table 3 our EWI are below PTWI con-
centrations, so even if Cd concentration found in muscle
ﬁsh are above the limit set by European regulation, this is
not a risk for human health, but it needs a continuous
monitoring of contamination level.
We also calculated the THQs with RfDo set by EFSA
for Cr, Hg and Pb, and with MRL set by the EC Regulation
for Cd. THQs results indicate that there is no carcinogenic
risk (see Table 3). THQs values below 1 mean, in fact, that
the level of exposure is smaller than the reference dose; we
can, therefore, assume that the daily intake shown by our
results at this stage is not likely to cause any deleterious
effect during lifetime in humans.
Data we found well reﬂect the expected level of con-
tamination in the sampling areas, in relation to the natural
contributions and to those of anthropic origin. The ﬁsh we
analyzed reveal some metals concentrations potentially
toxic if they enter the food chain. However, since their
toxicity for humans is given by the ingestion rate, data we
obtained on EWI and THQs indicate that the concentra-
tions we found in the sampled ﬁsh don’t represent a risk for
human health. Of course, it is just a ﬁrst step; ﬁsh con-
tamination levels should be carefully monitored on a reg-
ular basis, to detect any change in their patterns that could
become a hazard to human safety. Furthermore, in order to
have more data on bio-accumulation, the investigation
should be extended to other sampling stations with other
pelagic as well as benthic species, considering that the
latter are more reliable for this task.
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